We present a high-resolution spectrum of the quasar HS 1603+3820 (z em = 2.542), observed with the High Dispersion Spectrograph on the Subaru Telescope. This quasar, first discovered in the Hamburg/CfA Quasar Survey, has 11 C iv lines at 1.96 < z abs < 2.55. Our spectrum covers eight of the 11 C iv lines at z abs > 2.29 and resolves some of them into multiple narrow components with b < 25 km s À1 because of the high spectral resolution R = 45,000, while other lines show broad profiles (b > 65 km s À1 ). We use three properties of C iv lines, specifically, time variability, covering factor, and absorption-line profile, to classify them into quasar intrinsic absorption lines (QIALs) and spatially intervening absorption lines (SIALs). The C iv lines at 2.42 < z abs < 2.45 are classified as QIALs in spite of their large velocity shifts from the quasar. Perhaps they are produced by gas clouds ejected from the quasar with velocity v ej = 8000-10,000 km s À1 . On the other hand, three C iv lines at 2.48 < z abs < 2.55 are classified as SIALs, which suggests there exist intervening absorbers near the quasar. We, however, cannot rule out QIALs for the two lines at z abs $ 2.54 and 2.55, because their velocity shifts, 430 km s À1 blueward and 950 km s À1 redward of the quasar, are very small. The C iv line at z abs $ 2.48 consists of many narrow components and also has corresponding low-ionization metal lines (Al ii, Si ii, and Fe ii). The velocity distribution of these low-ionization ions is concentrated at the center of the system compared with that of the high-ionization C iv ion. Therefore we ascribe this system of absorption lines to an intervening galaxy.
INTRODUCTION
The bright quasar HS 1603+3820 (z em = 2.542, B = 15.9), first discovered in the Hamburg/CfA Bright Quasar Survey (Hagen et al. 1995; Dobrzycki et al. 1996) , has very unusual properties, namely, the combination of high redshift, large luminosity, and richness of metal absorption lines. In the spectrum of this quasar, 11 C iv absorption lines were detected at 1.965 < z abs < 2.554 (Dobrzycki, Engels, & Hagen 1999, hereafter D99) . Among the 11 C iv lines, eight lines are observed at 2.420 < z abs < 2.554, which corresponds to a velocity shift of À10,600 km s À1 < Dv < +1000 km s À1 from the quasar. The number density of C iv lines with restframe equivalent width W rf ! 0.15 is N(z) $ 21 per unit redshift at z abs $ 2.38 with Dz = 0.34. If we combine C iv lines that lie within 1000 km s À1 of each other to produce a so-called Poisson sample (see Sargent, Boksenberg, & Steidel 1988) , N(z) becomes $12, which is significantly larger than the expected average value, N(z) = 2:45 þ0:60 À0:49 , at z abs $ 2.40 evaluated for C iv lines with W rf ! 0.15 Å and v ej > 5000 km s À1 in previous studies (e.g., Sargent et al. 1988; Steidel 1990; Misawa et al. 2002) . Such an extreme overdensity of C iv lines inspired us to obtain a high-resolution spectrum of this quasar with the Subaru Telescope for a detailed study of the C iv lines.
Absorbers are generally divided into quasar intrinsic absorption lines (QIALs) and spatially intervening absorption lines (SIALs). QIALs are thought to be produced by gas clouds intrinsically associated with the nuclear regions of the quasars. On the other hand, SIALs are produced by either intervening galaxies located along the line of sight of the quasars or the interstellar matter in the quasar host galaxies. It is essential to understand the origin of the absorption lines to answer questions such as what causes the extremely high number density of C iv lines in the spectrum of HS 1603+3820.
To distinguish QIALs from SIALs, we use the seven proper criteria (Barlow & Sargent 1997; Hamann et al. 1997b ; references therein) that have been proposed in the literature:
1. Time variability of equivalent width is sometimes detected in QIALs.
2. QIALs are produced by absorbers with high electron space density.
3. Absorbers that produce QIALs partially cover the background of the quasar.
4. The polarization rate in QIALs is larger than that in the continuum.
5. QIALs have smoother and broader line profiles than those of SIALs.
6. QIALs are produced by highly ionized absorbers. 7. QIALs are produced by absorbers with high metallicity.
With one or a combination of these criteria, for example, Barlow et al. (1992) found that the broad absorption line (BAL) with FWHM ! 100 km s À1 near the emission redshift of CSO 203 is a QIAL, because the line shows time variability. Hamann, Barlow, & Junkkarinen (1997a) also found that the broad C iv doublet even at À24,000 km s À1 from Q2343+125 shows time variability. Barlow & Sargent (1997) and Hamann et al. (1997b) found QIALs by the covering factor analysis in PKS 0123+257 and UM 675. Goodrich & Miller (1995) used the polarization method to distinguish QIALs from SIALs in PHL 5200 and H1413+117.
For HS 1603+3820, D99 used only the covering factor analysis with their low-resolution spectrum. They applied the method to the broad C iv line at the high ejection velocity end of the C iv complex and found that it is a QIAL. However, the other lines were not classified, because they have line profiles narrower than the spectral resolution or maybe they are affected by other lines.
In this paper, we present a high-resolution (R $ 45,000) spectrum of HS 1603+3820 obtained with the High Dispersion Spectrograph (HDS; Noguchi et al. 2002) on the Subaru Telescope. The C iv lines are found to have further complex structure, and we classify them into QIALs and SIALs to discuss the cause of their large number density. In x 2, we describe the observations and data reduction. In x 3, the properties of C iv systems are examined, and the classification of C iv systems is delineated in x 4. Results and discussion are given in x 5. We present the conclusions and the prospect of the future work in x 6. It has to be noted that the Ly emission line is affected by complex metal absorption lines, which makes the value of emission-line redshift of the quasar uncertain (D99). D99 suggested the emission redshift as z em $ 2.51 by estimating a continuum around the Ly and C iv emission lines and considering the fact that the redshifts determined from the broad emission lines can be blueshifted by !1200 km s À1 with respect to the systemic redshift from the narrow forbidden lines (Espey 1993 ). If we match the spectrum of the quasar taken by D99 to the SDSS composite spectrum (Vanden Berk et al. 2001 ) by using O i 1304 and Si ii 1307 and C ii 1335 emission lines, the systemic redshift of the quasar is estimated to be z em = 2.542 AE 0.003. Richards et al. (2002b) also showed that quasars with weaker C iv emission lines tend to be greatly blueshifted, in excess of 2000 km s À1 . Since the C iv emission line of HS 1603+3820 is very weak, the systemic redshift of the quasar may be larger than z em = 2.51. Therefore we assume z em of the quasar to be 2.542 instead of z em = 2.51 throughout this paper.
HDS has two 2K Â 4K CCDs, which are the blue and red CCDs. We adopted 2 pixel binning along the slit, and we used the red grating with a central wavelength of 6450 Å , which covers 5100-6400 Å on the blue CCD and 6500-7600 Å on the red CCD. The results discussed in this paper are based on the spectra taken by the blue CCD alone. The slit width of 0>8 provides the spectral resolution of 45,000 (6.67 km s À1 ). The weather conditions were very good, and the seeing was $0>5. The signal-to-noise ratio of the spectrum with 2700 s exposure was $40 per pixel around = 5450 Å .
The data were reduced with the IRAF package in the standard manner. We determined the continuum by fitting the data with a third-order cubic spline function. The spectrum has a heavily absorbed region around 5300-5350 Å in the 20th echelle order (Fig. 1) , and it is not straightforward to determine the continuum level there. In such case, we evaluated the continuum profile q i (m) of the heavily absorbed order i by
where f iÀ1 (m), f i (m), and f i+1 (m) are the counts at the mth pixel of order i À 1, i, and i + 1, respectively, of the continuum profile fitted for the flat-frame spectrum and q iÀ1 (m) and q i+1 (m) are the counts of order i À 1 and i + 1 of the continuum profile fitted for the quasar spectrum, respectively. We acquired the normalized ith order spectrum by dividing the quasar spectrum of order i by q i (m). We used order 17 and 23 to produce q 20 (m), because orders 18, 19, 21, and 22 are weakly affected by absorption lines. In Figure   Fig 1 (middle) the interpolated continuum of order 20, q 20 (m), is shown as a dotted line. For confirmation of the validity of this technique, we applied this method to the stellar spectrum used to locate the positions and track the shapes of all the echelle orders. The continuum flux of order i obtained with this interpolation method is only 3.3% smaller on average than that of the directly fitted spectrum. Therefore, we believe this technique is sufficiently useful for our study. The normalized spectrum of each order is combined to produce the final spectrum (Fig. 2) .
IDENTIFICATION OF C iv SYSTEMS
We used the VPFIT Voigt profile line-fitting software developed by Carswell et al. (Webb 1987; Carswell et al. 1987) . D99 detected 11 C iv lines at 1.96 < z abs < 2.55. Our spectrum covers eight of them in the range 2.42 < z abs < 2.55 and detected absorption lines at the wavelength of all these lines. Thanks to high spectral resolution, some C iv lines detected in D99 are further resolved into multiple narrow components, resulting in a total of 30 C iv components between z = 2.42 and 2.55. Figure 3 shows both the HDS and MMT (Multiple Mirror Telescope) spectra (D99). 7 We summarize the results in Table 1 . Column (1) lists the metal line identification and ID number. Columns (2) and (3) list the observed wavelength and redshift. Column (4) lists the velocity difference from z em , and column (5) lists the Doppler parameter, b = ffiffi ffi 2 p (where is the velocity dispersion). Columns (6)-(9) list the covering factor, optical depth at line center, and column densities for covering factors C f = 1 and C f < 1, which are discussed in x 4 in detail.
For the sake of simplicity, we divided these C iv lines into four groups, system A to system D as shown in Figure 3 . The C iv lines in systems B and D in D99 are resolved into multiple narrow components with b < 25 km s À1 in our spectrum. The line in system C is not resolved, but this line has a small Doppler value b = 11 km s À1 . On the other hand, the five C iv lines clustering in system A in D99 are not further resolved into narrow components, although three of them have broad-line profiles, b > 70 km s À1 . Detailed notes on each system are described below.
System A (2.42 < z abs < 2.45). D99 detected five C iv lines in this system at velocity shift À10,600 km s À1 < Dv < À7800 km s À1 from z em in their spectrum. We found two additional C iv lines in our spectrum, as shown in Figure 4 . In addition to these lines, there still remains the broad absorption feature at À9300 km s À1 < Dv < À8000 km s À1 . We cannot separate the lines to fit the Voigt profile individually because they are heavily blended with each other. Five of the seven detected C iv lines (z abs = 2.4186, 2.4257, 2.4341, 2.4362, and 2.4510) are relatively broad and smooth, and their appearances are quite similar. On the other hand, the line (z abs = 2.4366) has a relatively narrowline profile. Perhaps it is an independent system of the broad C iv lines. Another interesting result is that Fe ii 1608 at 
System A, z abs = 2.44 C z abs = 2.4367 detected in D99 has disappeared in our spectrum. But this line could be just a glitch because it looks narrower than the resolution of the spectrum in D99. System B (z abs = 2.48). This is the strongest C iv line in the MMT spectrum (D99). Our spectrum resolves this line into 18 narrow components with relatively small Doppler parameters of 4 km s À1 b 25 km s À1 (Fig. 5) , and most of them can be explained by thermal broadening. Relatively low ionization lines such as Si ii 1526, Al ii 1670, and Fe ii 1608 associated with the C iv lines are also detected (Fig.  5) . The strongest components of the low-ionization lines are observed at the center of this system, while the weak components are almost symmetrically arranged at each side of the strongest one.
System C (z abs = 2.54). This is one of the two systems within 1000 km s À1 from the quasar. The line itself is narrow and not resolved into multiple components (Fig. 6 ). There are no other significant metal lines at this redshift.
System D (z abs = 2.55). This is another system within 1000 km s À1 from the quasar, though this system is redshifted from the quasar. This system is resolved into four narrow components (Fig. 7) . The central two components reach almost zero intensity at the bottom. These systems also do not show up in any other metal lines.
CLASSIFICATION OF C iv LINES
We detected as many as 30 C iv, seven Al ii, eight Si ii, and one Fe ii line with velocity differences in the range À10,600 km s À1 < Dv < +1000 km s À1 from the quasar. While all the metal lines discovered are relatively close to the quasar in terms of the velocity difference, they could be produced by gas clouds that are either intrinsically associated with the quasar or in intervening galaxies. With the HDS spectrum, we examine the line profiles in detail to classify them as QIALs and SIALs. Among the seven criteria to distinguish QIALs from SIALs described in x 1, we mainly use criteria (1), (3), and (5), which can be directly applied to our spectrum.
Absorption-Line Profile
Absorbers that produce very broad and smooth profiles are expected to be intrinsically associated with the quasar nuclear region. For example, the broad absorption line (BAL) systems with b $ 10 4 km s À1 are considered to have originated in gas motion in the broad-line regions of quasars. On the other hand, intervening absorption lines that are inherent in cosmologically intervening galaxies have a narrow profile with b 12 km s À1 , which corresponds to gas temperature T $ 10 5 K for the C iv ion.
System A has five relatively broad C iv lines (b ! 65 km s À1 ), and all them have relatively smooth line profiles and are not resolved into narrow components even in our highresolution spectrum. Their broad-line profiles with b ! 65 km s À1 , where b = (b 2 T + b 2 tur ) 1/2 , are not likely to be produced by only thermal broadening, b T , because the corresponding temperature is very high, T ! 3 Â 10 6 K, compared with typical metal line systems. The microturbulence, b tur , is expected to contribute to the majority of the Doppler parameter. Therefore the results strongly suggest that these lines are intrinsic ones, which occur in the vicinity of the quasar nucleus although their Doppler parameters are too small compared with those of BALs.
On the other hand, systems B, C, and D consist of only narrow components with b 25 km s À1 (the corresponding temperature is T 4.5 Â 10 5 K for the C iv ion), and 65% of them have b < 12 km s À1 , statements that imply these systems can be produced by intervening galaxies. The component at z abs = 2.4412 in system A also has a relatively narrow line profile.
Partial Coverage
We evaluate the covering factor, C f , the line-of-sight coverage fraction of the absorber over the continuum source. Since the components of absorption systems seem to be fully resolved in our spectrum, we can evaluate the covering factors for C iv doublets by using the following equations:
where R b and R r are residual fluxes at the line centers for the blue (C iv 1548) and red (C iv 1551) components of the doublet lines on the normalized spectrum (Hamann et al. 1997b; Barlow & Sargent 1997) . We also derived the optical depth, , at the line center and the total column density, log N, for the blue component by using the following equations:
where f and 0 are the oscillator strength and the resonance wavelength of the absorption line, respectively (Hamann et al. 1997b; Barlow & Sargent 1997; Savage & Sembach 1991; Peterson 1997) . For some C iv doublets, the blue components reach almost zero flux, and the residual flux is very uncertain. In that case, we assume that C f = 1 and evaluate column densities by directly fitting the Voigt profile for them. The C f , , and log N values of 30 C iv components are listed in Table 1 . For C iv lines with C f < 1, we also evaluate log N in the case of C f = 1 for comparison.
For single lines such as Al ii, Si ii, and Fe ii, we evaluated only the lower limits for C f , and we evaluated C f and by 
We also evaluated log N in the case of C f = 1 by using equation (4). The Al ii (z abs = 2.4785) and Si ii (z abs = 2.4785) components in system B reach almost zero flux at the line centers. We assume C f = 1 for them and evaluated column densities by directly fitting the Voigt profile.
For system A, we evaluated these parameters for only two C iv lines (z abs = 2.4186 and 2.4412), because other lines are heavily blended with each other or with the Si ii lines of system B. For the C iv line at z abs = 2.4186, we also evaluated 1 errors of the parameters measured at the bottom of the line with 10 km s À1 velocity width, because this line has a very broad line profile (FWHM > 150 km s À1 ) and the line center is uncertain.
The C iv line (z abs = 2.4186) in system A is likely to be a QIAL, because the line has C f = 0.31. On the other hand, the C iv line at z abs = 2.4412 has C f = 0.8, although the value is uncertain because of its blending with broad C iv lines at the same wavelength region. If those broad C iv lines are removed properly from the spectrum, the C f of the C iv line tends to increase toward 1.
The result of the covering factor analysis suggests that systems B, C and D cover the quasar completely. The mean C f values of 18, 1, and 4 C iv components in systems B, C and D are almost unity, 0.943, 1.00 and 0.945, respectively, and 56%, 100%, and 50% of C iv components in these systems have C f = 1. Only the C iv line at z abs = 2.4803 in system B has an exceptionally small covering factor, C f = 0.277. But this value is tentative, because this line is heavily blended with the blue wing of the C iv line at z abs = 2.4805.
Time Variability
Time variability can be a powerful tool in identifying QIALs, simply because once the variability is confirmed, the line is most likely to be a QIAL (but QIALs are not always time variable). There were examples that show this method is indeed very valuable. Absorption lines with time variability were found at z abs = 2.13 on the spectrum of UM 675 (Hamann et al. 1995) , and at z abs = 2.24 on the spectrum of Q2343+125 (Hamann et al. 1997a) . Equivalent widths of these lines varied by factors of 3 and 4 within 12 and 0.3 yr, respectively.
The Fe ii 1608 line at z abs = 2.4367 in system A shows large time variability, though the identification of this line by D99 probably was not very secure. This line had disappeared in our spectrum, although it had been strong (W rf = 0.11 Å ) in D99 (it is seen around 5525 Å in Fig. 3,  bottom) . The quantitative comparison of the equivalent width of the line in our spectrum with that of D99 is not given, because the spectral resolution was not identical. Nonetheless, if the line identified by D99 is confirmed as a real Fe ii line at z abs = 2.4367, the presence of the time variability is evident and this line is probably associated with the quasar.
RESULTS AND DISCUSSION
Here we classify the detected C iv lines into QIALs and SIALs, based on the results in the previous section. After that, we consider the origin(s) of the absorption lines and the cause of the large number density of C iv lines in the spectrum of high-redshift luminous quasar HS 1603+3820.
Result of Classification Based on Three Criteria
5.1.1. System A In system A, all five broad C iv lines have similar smooth line profiles, and they are detected within 3000 km s À1 from each other. One of them, at z abs = 2.4186, which corresponds to Dv = À10,600 km s À1 from HS 1603+3820, is confirmed to have a small covering factor of C f $ 0.31. For this C iv line, the FWHM, column density, and covering factor can be properly measured; they are 190 km s À1 , 15.8, and 0.31, respectively, and are in a similar range of values to those of the already confirmed QIALs, 440 km s À1 , 15.2, and 0.19 for a C iv line at À24,000 km s À1 from Q2343+125 (Hamann et al. 1997a) , and 56 km s À1 , 14.1, and 0.31 for a C iv line at À1500 km s À1 from UM 675 (Hamann et al. 1997b) . The other broad lines in system A cannot be fitted individually because of line blending. Nonetheless, they are very likely to be QIALs, not only because they have lower ejection velocities (nearer to the quasar) than the C iv line at the lowest redshift (z abs = 2.4186) but also because they have similar line profiles to the fitted C iv line.
On the other hand, there is at least one narrow C iv line with b $ 16 km s À1 (z abs = 2.4412) in the system, and this line is confirmed to have a large covering factor, C f = 0.8, with the uncertainty of merging with other broad C iv lines. The covering factor of the line is large: C f is close to unity, which also supports the idea that the line is a SIAL. If this is true, the association of the narrow line and the broad lines in system A is just a chance projection.
There are at least two possible origins for absorbers that produce QIALs in system A. First, we consider the possibility that they are in fact similar absorbers that produce much broader lines in the spectra of the so-called broad absorption line (BAL) quasars. BAL absorbers, which produce lines with b = 10,000-20,000 km s À1 , are thought to be at a distance of a few tens of parsecs from the continuum source of quasars (see Weymann, Turnshek, & Christiansen 1985; Turnshek et al. 1985) . Although widths of the C iv lines in system A with b = 60-120 km s À1 are much smaller than typical BALs, they can be seen in the spectrum of the quasar at a phase in its transition from (to) a quasi-BAL to (from) a standard quasar (Morris et al. 1986; Richards et al. 2002a) . When a BAL is formed many narrow components could blend with each other and make broad absorption features (BAL) as time passes, or when a BAL dies most of the optically thin gas of BAL absorbers dissipates and only dense cores that produce narrow lines are left. Ganguly, Charlton, & Bond (2001) also offered the sporadic (or quasi-periodic) mass ejection scenario, which would have a density structure of the outflowing wind and produce narrow absorption line clustering.
Another candidate is outflowing clouds accelerated with the jets from the central engine of the quasar. In this case, the absorbing gas extends to distances of hundreds of kiloparsecs (Bridle & Perley 1984) . According to the small covering factor of the C iv line at z abs = 2.4186, however, this interpretation is not favorable because it is difficult for the absorbers at a distance of hundreds of kiloparsecs from the quasar to cover the continuum source partially.
Based on these points, the broad C iv lines in system A are probably produced by outflowing absorbers very close to the continuum source. On the other hand, the narrow C iv line at z abs = 2.4412 could be a SIAL that arises in an intervening absorber or a QIAL produced by gas cloud outflowing with almost the same velocity as absorbers of the broad lines, though they are at high altitude because its covering factor is close to unity.
Another remarkable point is that the Fe ii line at z abs = 2.4367 in D99 shows time variability, which suggests the line is a QIAL. However, the relationship between this line and the corresponding C iv line at nearly the same redshift is unclear. Identification of the line as Fe ii 1608 in D99 seems to be based on the detection of C iv lines at the same redshift. In our spectrum, in which the line is not seen, however, we still have the corresponding C iv line at nearly the same redshift (z abs = 2.4366). In fact, the line has a relatively narrow line width, b = 25.3 km s À1 , which can be interpreted as a SIAL. If this C iv line is really a SIAL, we argue that the identification of the line at 5525 Å as Fe ii 1608 in D99 may be reconsidered while there are other possibilities that (1) there was another C iv system at the same redshift that disappeared with Fe ii or (2) the C iv line is a QIAL but only the Fe ii line has disappeared.
System B
All the C iv components in system B have narrow-line profiles, and they have large covering factors. System B was plausibly produced by clumpy gas clouds in an intervening galaxy. The narrow components distribute within AE250 km s À1 , which can be explained by the bulk motions in the galaxy. The column density distributions of the metal lines C iv, Al ii, Si ii, and Fe ii are plotted in Figure 8 . The highvalence ion (C iv) distributes more or less evenly within AE250 km s À1 from the center of system B. On the other hand, lines of low-valence ions (Al ii, Si ii, and Fe ii) with large column density are seen only near the velocity center; this core-halo structure of low-and high-ionization lines also supports the idea that the lines have arisen in a galaxy. Gas density in halo clouds is so small that they are easily affected and highly ionized by background UV flux.
5.1.3. Systems C and D Systems C and D are detected within 1000 km s À1 from the quasar redshift. On one hand, the covering factors of the lines in these systems are near unity, which suggests that they are separated from the continuum source far enough to cover the quasar entirely in the direction of line of sight. On the other hand, their small velocity differences of 430 km s À1 blueward (system C) and 950 km s À1 redward (system D) from the quasar redshift imply that they could be physically associated with the quasar.
There are at least two interpretations for these systems. First, the lines may be produced by the intervening galaxies in the vicinity of the quasar, which moves around the quasar-like cluster (group) of galaxies. The velocity differences of the systems from the quasar (Dv = 430 and 950 km s À1 ) are within the typical velocity dispersion in rich clusters ( $ 1000 km s À1 , for the richest nearby cluster of galaxies). The large covering factors, C f $ 1, of these systems can be easily produced by such intervening galaxies. Second, the lines could be produced by gas clouds intrinsically associated with the quasar, because systems C and D do not have low-ionization lines such as Si ii, Al ii, and Fe ii, which suggests they are on a high ionization level. The strong UV flux from the quasar can make them highly ionized. In the diskwind model (Murray & Chiang 1995 , 1998 ) that has been used to explain BAL quasars, intrinsic gas clouds exist along the windstream lines from the continuum source to a relatively large distance. The simulations by Proga, Stone, & Kallman (2000) show that once outflowing gas clouds reach a high altitude, they return toward the center along the outflowing stream, which can produce not only blueshifted but also redshifted absorption lines relative to the systemic redshift of the quasar simultaneously. Therefore system C is outflowing from the quasar, while system D has already reached a high altitude and flows into the central source of the quasar. These systems should be separated far enough from the quasar to cover the quasar entirely.
Origin of C iv Line Clustering
If systems C and D have arisen in the galaxies around the quasar, that is, if they are SIALs, then five of eight C iv lines detected in D99 at 2.42 < z abs < 2.55 are QIALs and three are SIALs. The number density of SIALs per unit redshift is N(z) = 8.82 at N(z) = 2.38. On the other hand, if systems C and D are classified as QIALs, the corresponding number density is N(z) = 2.94, which is almost consistent with the expected value, N(z) = 2:45 þ0:60 À0:49 , at N(z) = 2.40 (Misawa et al. 2002) . Therefore the number density excess of C iv absorption lines at N(z) = z em in the spectrum of HS 1603+3820 may be caused by the number density excess of QIALs. Foltz et al. (1986) found that the number density of C iv absorption lines increases near the emission redshift of the radio-loud quasars with their $1 Å resolution spectra. We evaluated the number densities of C iv absorption lines for the five quasars in the sample of Foltz et al. (Q1256+357, Q1416+067, Q1445+335, Q1634+176, and Q1756+237) that have strong absorption complexes near the quasars. We used the range of spectra between z 15 (redshift 15,000 km s À1 blueward from z em ) and z em or z high (the redshift at which the C iv absorption line of highest z is detected beyond z em ) over which the 4 detection limit corresponds to W rf = 0.2 Å . The mean value of the C iv number density (not a Poisson sample) is hN(z)i = 36.2 AE 10.0 per redshift at z abs $ 1.65. With the $1.5 Å resolution spectrum of D99, the number density of the C iv line for HS 1603+3820 is evaluated to be 43.5 between z 15 and z high (z abs of system D) over which the 4 detection limit is W rf = 0.15 Å . The N(z) for HS 1603+3820 has a large value about the same as the mean value N(z) for six quasars in Foltz et al. (1986) , though the detection limit of equivalent width and spectrum resolution are slightly different. These number density excesses of C iv lines at z abs $ z em could be produced by QIALs.
CONCLUSIONS AND FUTURE WORK
We have analyzed the C iv absorption-line clustering at z abs $ z em in the spectrum of HS 1603+3820 by using Subaru and HDS data. By using three properties of C iv lines, specifically time variability, covering factor, and absorption-line profile, we have confirmed that among four C iv systems one system is almost certainly intrinsic to the quasar and one system has probably arisen in an intervening galaxy. The other two systems, at z abs $ z em , have properties that are consistent with either interpretation. If they are classified as QIALs, the number density of SIALs in the Poisson sample becomes almost consistent with the expected value at the similar redshift far from quasars. In Figure 9 , we summarize the distributions of four C iv systems in the physical distance from the quasar in the cases in which systems C and D are classified as SIALs and QIALs.
We finally note some future prospects. In the course of this study, we have not applied the time variability analysis to systems B, C, and D, because the resolution of our spectrum is different from that of D99. An additional spectrum taken with the same configuration as our spectrum a few months to years later might enable us to confirm the time variability of these systems. Deep imaging observation with narrowband filters for detecting Ly or H emission lines of galaxies around the quasar will be also useful to understand the true origins of systems C and D. If many galaxies are detected around the quasar at the redshift around z em of the quasar, they would support the idea that systems C and D are produced by intervening galaxies in the neighborhood of the quasar.
